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ARTICLE VI. 



Upon a new Compound of the Deuto-Chbride of Platinum, Nitric Oxide, and 
Chhro-hydric Acid. By Henry D. Rogers, Professor of Geobgy in the Uni- 
versity of Pennsylvania, and Martin H. Boye, Graduate of the University of 
Copenhagen. Read November 1, 1839. 

1. When platinum is dissolved in an excess of nitro-muriatic acid, and the 
solution is slowly evaporated, a yellow powder may sometimes be seen gradu- 
ally to collect. The nature and properties of this substance we propose to 
describe in the following paper. 

Mode of Preparation. 

2. The method by which we succeeded in obtaining the compound referred 
to in quantities sufficient for the investigation of its properties and composition 
is as follows : — A solution of chloride of platinum, procured in the ordinary 
way, is evaporated, at a rather low temperature, in a porcelain capsule, nearly 
to dryness. When it has reached this point, aqua regea, freshly prepared from 
concentrated hydro-chloric and nitric acids, containing an excess of the former, 
is added in small portions, the mixture being continually stirred with a glass 
rod. Nitric oxide gas is given off in thick fumes, and the mixture, which is 
now perfectly liquid, is allowed again to evaporate for some time, during which, 
chlorine gas is evolved in numerous small bubbles. It is then transferred to a 
glass vessel and cold water added drop by drop, the whole being continually 
stirred while it is cooling. If these steps be properly performed, a yellow pow- 
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der, sometimes possessing a crystalline texture, is seen to precipitate.* Should 
the solution, when transferred to the glass vessel, show a tendency to pass too 
rapidly to the solid state, the best remedy is to heat it again on the sand bath, 
when it will be again liquefied. 

3. When the powder has separated, and is fully settled, the liquor is to be 
decanted and again evaporated nearly to dryness, and the other steps of the 
process just described repeated. The several parcels of the precipitate thus 
procured are added together, and the mass filtered and pressed between bibu- 
lous paper, to free it as 'completely as possible from the mother liquid. Still 
more effectually to dry it, it is exposed, under an exhausted receiver, to the 
desiccating agency of sulphuric acid. 

Description and Properties of the Salt. 

4. When prepared according to the process above described, the precipitate 
has the form of a yellow powder, often minutely crystalline, and has a consi- 
derable resemblance to the chloro-platinates of potassium and ammonium. It 
absorbs water quickly from the atmosphere with deliquescence, undergoing 
decomposition at the same time. In a close vessel it may be preserved for any 
length of time without decomposition. 

5. When water is added, an active effervescence takes place, with disen- 
gagement of nitric oxide gas. That the gas thus extricated is pure nitric oxide 
is proved by its giving no precipitate with a solution of nitrate of silver, and by 
its being entirely absorbed by a solution of sulphate of protoxide of iron. The 
solution which remains after the disengagement of the nitric oxide gas is acid; 
it does not smell of chlorine, and gives copious precipitates with nitrate of silver 
and chloride of potassium. 

6. Alcohol, hydro-chloric acid, and a solution of chloride of sodium, when 
added to the salt, act upon it as pure water does, extricating the nitric oxide 
and dissolving the chloride of platinum. A saturated solution of chloride of 
platinum has no action on it. 

7. Before we had estimated the quantity of chlorine in the salt, we did not 
suppose any hydro-chloric acid essential to its constitution, attributing the acid 

* An addition of too much water will redissolve it. 
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reaction to nitrous acid, imagined to have been derived from the nitrous oxide. 
But the following experiment settled this point. A portion of the salt was 
introduced into a small tubulated retort. Cold water, recently boiled to free it 
from atmospheric air, was added to it, until all the nitric oxide was disengaged. 
A concentrated solution of fused chloride of potassium was next added, and the 
whole distilled nearly to dryness. The product of this distillation was a colour- 
less liquid, first slightly acidulated, but becoming afterwards strongly acid. It 
precipitated nitrate of silver very copiously, and left, when evaporated, no resi- 
duum. At no period of the process could any free chlorine be noticed. 

8. Heated in an atmosphere of dry hydrogen, the salt first gives off water, 
and afterwards a white sublimate of chloride of ammonium, in accordance with 
the fact that hydrogen and nitric oxide gas, in contact with heated spongy pla- 
tinum, form ammonia, which, in this case, combines with the hydro-chloric 
acid, and forms chloride of ammonium. The reduced platinum is black, much 
resembling, in appearance, the preparation of Liebig. It ignites hydrogen, and 
assumes a metallic appearance when rubbed upon a burnisher. 

9. Heated by itself in a closed vessel it also gives off a great amount of 
water. 

Analysis of the Salt. 

10. A portion of the salt was prepared by the foregoing process, and left to 
dry for several days over sulphuric acid in vacuo. It was then promptly intro- 
duced into a small glass tube, sealed at its lower end. This tube was inserted 
into a vessel of boiling water. Its upper end was closed by a cork, through 
which were fitted two small bent glass tubes, the one connected with a tube of 
chloride of calcium, and reaching nearly to the salt, the other connected with 
the air-pump. By this arrangement a current of dry air could be passed over 
it, while the water surrounding the tube was kept boiling. A quantity, 1.677.5 
grammes, of the salt was subjected for half an hour to this process, and lost 
only 0.002 grammes, or about one-tenth of one per cent.; evidently proving that 
the salt parts with all its moisture in vacuo at ordinary temperatures. A correc- 
tion for this amount of water was made in calculating the results of the sub- 
sequent experiments. 

11. The same portion of the salt was then decomposed by the introduction 
of water, and an alcoholic solution of chloride of potassium added. The chlo- 

VII. — Q 
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ro-platinate of potassium thus precipitated was collected on a weighed filter, 
and washed with moderately concentrated alcohol, dried at 212° Farhenheit, 
and its weight ascertained. The 1.701 grammes thus obtained is equivalent 
to 0.6875 grammes of platinum, giving 41.08 per cent, of metallic platinum in 
the salt. 

12. Another quantity, 1.502 grammes of the dried salt was next decomposed 
by water, evaporated to dryness, and ignited in a porcelain crucible. This 
yielded platinum 0.603, or 40.19 jper cent. 

13. Another portion, 1.580 grammes of the salt was introduced into a small 
glass tube, sealed at its lower end, and heated over a spirit lamp (Berzelius's) 
until it became brightly red hot, and all volatile matters were effectually driven 
out of the tube. This left, of platinum, 0.655 grammes, or 41.51 per cent. 

14. In order to estimate the quantity of nitric oxide, a graduated tube was 
filled with mercury and inverted over the mercurial cistern. A small quantity 
of the salt was then weighed and promptly enveloped, as tightly as possible, in 
blotting-paper. This was then passed up, by aid of a fine copper wire, into 
the tube, and a small portion of water, previously deprived of air, was also 
introduced. A little care in the manipulation enabled the pellet containing the 
salt to be kept in contact with the water. The quantity of gas thus extricated 
was shown upon the graduation of the tube, care being taken to preserve the 
mercury at the same level inside and outside. 

15. Adopting this method, 0.7875 grammes of the salt gave 33.2 cubic cen- 
timetres of nitric oxide gas, at 82.25° Far. The barometric pressure being 
29.46 inches at 80° Far. Applying the proper reductions for pressure, tem- 
perature, and moisture, this gives 28.37 cubic centimetres, equivalent, in weight, 
to 0.0382 grammes, or 4.86 per cent, of nitric oxide gas. 

16. By another experiment, 1.028 grammes yielded 44.5 cubic centimetres 
of nitric oxide gas, at a temperature of 79° Far., and barometric pressure of 
29.81 inches at 81° Far. The proper reductions for pressure, temperature, and 
moisture being made, there resulted 38.81 cubic centimetres of the gas, equiva- 
lent, in weight, to 0.0524 grammes, or 5.09 per cent. 

17. With a view to estimate, in the next place, the quantity of the chlorine, 
1.5275 grammes of the salt were introduced into a platinum crucible, and a 
sufficient proportion of carbonate of potassa and water added. It was then 
carefully evaporated to dryness, and ignited; after which it was repeatedly 
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edulcorated, first with boiling water, and afterwards with diluted nitric acid. 
The filtered solutions thus derived being saturated to excess with nitric acid, 
were precipitated by nitrate of silver, and the chloride of silver collected on a 
filter, washed, dried, and heated to fusion, (the proper precautions with the 
filter being observed,) when it was weighed. The amount thus obtained was 
2.679 grammes, equivalent to 0.661 grammes of chlorine, or 43.32 per cent. 

18. The platinum obtained by this process was also collected on a filter, 
ignited and weighed, giving 0.628 grammes, or 41.16 per cent. 

19. As 41.16 platinum requires 29.55 chlorine, to form the deuto-chloride of 
platinum, and as the quantity obtained, namely, 43.32 per cent., is nearly one 
and a half times 29.55, it is evident that the chlorine in the salt under exami- 
nation exists in the proportion, of 3 atoms to 1 atom of platinum. 

It is obvious, also, from a previous experiment (7) that this one atom of 
chlorine must exist in union with hydrogen as chloro-hydric acid. We, 
therefore, show, that for each atom of deuto-chloride of platinum, the salt con- 
tains one atom of chloro-hydric acid. 

20. Another portion of the salt, 1.2976 grammes, being introduced into a 
weighed platinum crucible, and there mingled with an adequate quantity of car- 
bonate of potassa, a thin stratum of which should cover the mixture, it was 
fused, the crucible being covered. It was then edulcorated with boiling water 
and dilute nitric acid, and was otherwise treated as in the previous experiment, 
(17 and 18.) Thus operated upon, it furnished 2.336 grammes of chloride of 
silver, equivalent to 0.5763 grammes of chlorine, or 44.46 per cent. 

21. The platinum obtained by this experiment weighed 0.549 grammes, or 
42.36 per cent. 

22. As 42.36 of platinum requires 30.41 of chlorine to form the deuto-chlo- 
ride, and as 44.46 per cent, is nearly one and a half times 30.41, it is not less 
plain from this experiment than from that already recorded, (17, 18, 19,) that 
the chlorine exists in the proportion of three atoms to one atom of the platinum 
in the salt. 
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Summary. 

23. Making a summary of the foregoing several experiments, we find that 
the per centage of the platinum, 

By experiment 11, is 41.08 

" 12, " 40.19 

13, " 41.51 

18, " 41.16 

" 21, " 42.36 

5)206.30 

Giving, as a mean, 41.26 

24. The per centage of the chlorine, 

By experiment 1 7, is 43.32 

20, " 44.46 

2)87.78 
Giving, as a mean, 43.89 

25. The per centage of the nitric oxide gas, 

By experiment 15, is 4.86 

16, " 5.09 

2)9.95 
Giving, as a mean, 4.98 

26. The platinum and the chlorine have already been shown (19 and 22) to 
exist in the salt in the proportion of one atom to three atoms. But, of the three 
atoms of chlorine, two go to form one atom of the deuto-chloride of plati- 
num, while the remaining one atom, united with one atom of hydrogen, exists 
in the form of hydro-chloric acid. 
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27. The platinum and the nitric oxide are present, as we have shown, (23 
and 25,) in the proportion of 41.26 to 4.98. These numbers, divided by the 
atomic weights of their respective substances, will give the relative numbers of 
the atoms of these ingredients in the salt. 

41.26 

Thus the platinum = 3.345 

1233.5 

4.98 

Nitric oxide, = 1.321 

377.04 

But, 3345:1321 = 5:2 

Therefore, for every five atoms of platinum, or deuto-chbride of platinum in 
the salt, with their corresponding five atoms of chbro-hydric acid, we have two 
atoms of nitric oxide. 

28. We have no direct results establishing the proportion of the chemically 
combined water in the salt. But, estimating it from the data furnished by expe- 
riments 16, 20, and 21, made at the same time and with complete success, it 
would amount to 7.66 per cent., or two atoms of water for every atom of deuto- 
chloride of platinum. 

29. Throwing these results into the shape of a formula, we have the follow- 
ing convenient expression for its chemical composition. 

(Pt CI 2 ) s + ((CI H) 5 + (N O 2 ) 2 ) + Aq. 

By this formula the compound is regarded as a simple chloride of platinum 
united with a muriate of nitric oxide. 

Should we, on the other hand, deny the existence of muriates altogether, we 
may consider it, in accordance with the enlarged views of Dr. Hare on the 
Constitution of Salts, and the convenient systematic nomenclature by which he 
expresses their composition,* as a chloro-salt, consisting of a chloro-acid (chlo- 
ride of platinum, or chloro-platinic acid,) and two chloro-bases. Thus viewed, 
it would be a chloro-platinate of nitrogen with a chloro-platinate of hydrogen, 
and expressed by the following formula : — 

[(Pt CI 2 ) 2 + N CI 2 ] 2 + [Pt CI 2 + H CI] + Aq 14 . 

* American Journal of Pharmacy, Vol. iii. No. 1. 
VII. — R 
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The proportions of the several constituents of the salt, as respectively calcu- 
lated, in accordance with one of the above formula?, and as derived from our 
experiments, will stand as follows : — 





By Exper. 


No. of At. 


By Calculation 


Platinum, .... 


. 41.26 


5 


41.82 


Chlorine, .... 


. 43.89 


15 


45.01 


Hydrogen, .... 


.42 


5 


.43 


Nitric Oxide, . . . 


. 4.98 


2 


5.11 


Water, 


. 7.66 


10 


7.63 



98.21 



100.00 



The agreement here exhibited is as close as could be expected when we 
advert to the complicated nature of the salt, and the difficulties which attend 
its preparation and analysis. 

In conclusion, we may be allowed to hope that the compound here described 
may cast some light on the chemical nature of aqua regia, and on the question 
of its mode of action in dissolving the metals. 



Note. — Since the above article was read, we have received Poggendorf's Annahn, vol. xlvii., 
containing an interesting paper by H. Rose, of Berlin, in which he has shown that anhydrous 
sulphuric acid absorbs nitric oxide, forming a neutral sulphate, in which the oxygen in the sul- 
phuric acid is three times that in the nitric oxide. From this he infers that the nitric oxide acts 
the part of a true base; a conclusion to which we have arrived in the present paper, where we 
regard the compound examined by us as a double salt, in which nitric oxide is one of the bases. 
The compound described by Rose is decomposed by water in exactly the same manner as that 
here investigated. 



